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DISCUSSION OF DREDGED MATERIAL DISPOSAL MODELS AND 
THEIR APPLICATION FOR THE LOS ANGELES DISTRICT 

PART I: INTRODUCTION 

l. In August 1979. the Los Angel es Di strict of the U.S. Anny Corps of 
Engineers {LAO) requested that the Waterways Experiment Station (WES) 

provide assistance in detennining the fate of dredged material after 

open water disposal at the San Diego 45 and 100 fathom disposal sites 

shown in Figure l. 

3. 

Under the Dredged. Material Research Program (DMRP) of the U.S. Anny 

Corps of Engineers. two numerical models have been developed by Tetra 

iech; - Inc. to provide the OMRP with tools to predict the short-tenn 

fate of dredged material discharged in the estuarine environment.1 
One model is for an instantaneous dump disposal and the other is for 

a continuous:.fixed (pipeline) or moving discharge. The development of 

these· models was based upon the En_vironmental Protection A9ency 1 s. 

Koh-Chang~model for the: barged. ocean. di sposa1 o~ wastes •. 2 

A major assumption in the models is that once material is deposited on 
the bottom, it· remains- there; i.e •. , neither erosior1· nor bed load move­

ment of material is allowed. This is the primary theoretical limita~ 
tion of the models that restricts their usefulness to the study of the 

short-tenn fate of discharged material. other than computer-related 

operationar constraints. 

4. The models have been applied to data collected by Gordon during a 
barge disposal operation in the Ouwamish Waterway in the State of 
Washington and a hopper dredge disposal operation in Lake Ontario. 3 

Although the models have not undergone sufficient calibration of the 

many coefficients contained within and a subsequent verification using 
these data to warrant confidence in a qu~ntitative sense, the limited 
calibration and in-depth evaluation prese~ted in reference 4. do 

justify confidence in a qualitative sense, especially if the material 
h properly characterized~ and the mode1s are judiciously applied to 
adequately represent a real aisposal operation. A brief discussion of 



the theoretical structure of the models along with the input data 

required and output provided are presented below. 

PART II: THEORETICAL DEVaOPMENTS 

5. In both models, the behavior of the dumped material is assumed to be 

separated into three phases: convective descent, during ·imich the dump 

cloud or discharge jet falls under the 1.nf1uencl! of gravity; dynamic 

collapse, occurring when the descending cloud either impacts the bot­

tom or arrives at the level of neutral buoyancy at which descent is 

·retarded and horizontal ~preading dominates; and long-tenn passive 

dispersion,. commencing, when the material transi,ort and spreading is 

detenni ned more by ambient currents and turbu1 ence than the dynamics 

of the disposal oQeration. Figure 2 illustrates these phases for the 

instantaneous dump model. 

Convective·-Descent 

5.. !n the in·stanta-neous dump model, a single cloud is assumed to t:>e 

released which ·maintains a i'lemisoherical shape during convective· 

descent. Since the so1ids con~entration in dredged materia) is 

usua 11 y 1 ow, the cloud is expected to·· behave as a dense 1 i quid and 

thus a basic assumption is that a bouyant thenna1 analysis is 

appropriate. Th~ equations governing the motion are those for eonser­

vation of mass, momentum, buoyancy, solid particles, and vorticity. 

These equations are straightforward statements of conservation pri n­

ci pl es and will not be presented here. In the continuous discharge 

model, the flow phenomenon near the discharge opening is that of a 

sinking momentum jet in a cross current. Basic assumptions in the 

fonnulation of the conservation equations for the jet convection phase 

are that the jet cross section remains circular and that velocity, 

density. and material concentration distributions may be approximated 

by "top-hat" profiles. 

Dynamic Collapse 

7. During convective descent, the dumped material cloud or jet grows as a 

... 
~ 



8. 

result of entrainment and eventually either the bottom is encountered 
or the density di fference between the_ di scharged ma teri a 1 and the 

ambient becomes small enough for a position of neutral buoyancy to be 

assumed. In -either case, the vertical motion 1 s arrested and a 

dynamic spreading in the horizontal occurs·. With the exception of 

vorticity, which h assumed to have been dissipated by the stratified· 
ambient, the same conservation equations used in convective descent 

but now written for the particular shapes assumed in dynamic collapse 
are applicable. For the.case of collapse on the bottom, the only dif­

ference is the inclusion of. a friction~1 force between the bottom and 

the collapsing. cloud •. 

·=--· __ Passive Di sper:sion 

When the rate of horizontal spreading in the dynamic collapse phase 

becomes less than an estimated r-ate of-spreading·due-to· turbulent dif­
fusion, the coll apse· phase· is· tenni nated.. During· coll apse, so 1 i_d· par-­

ti cl es can se.ttle as a. r-esult of their fall velocity. · As .these 
particles leave the main body of mater-ial', they are stored in small 

clouds which are characterized by a unifonn concentration, thickness, 

and position in the water column. these small clouds are then allowed 

to settle and disperse until they become 1 arge enough to be inserted 

into th~ lon9-tenn two-dimensional passive dispersion grid positioned 

in the horizontai plane. Once small clouds are inserted at particular 

net points, those net po-i nts ·then have a concentration, thickness, and 

top position associated with them. This is the manner in which the 

three-dimensional (3-0) nature of the problem is handled on a 2-0" 

g·r; d. 

point. 

Figure 3 illustrates a typical concentration profile at a net 

Computations on the passive dispersion grid are made using 

Fi sher' s backward convection concept rather than attempting •a--numeri• 

cal solution of the governing convectior,.di ffusion equation. In the 

backward convection solution technique, a massless particle at each 
net point at the present time level is moved backward in time by the 

ambient current to the position it occupied one time step before. The 

concentration at the net point it presently occupied is then taken as 
a five-point average of the points surrounding its old position (see 

Figure 3). 



9. In addi t1on to the horizontal convection and diffusion of material, 

settling of the suspended solids also occurs. Therefore, in addition 

to computing a concentration profile at each net point, the amount of 

solid material deposited on the bottom a~d a corresponding thickness 
is also determined. A basic assumption in the models is- that once 
inateri al is. deposited on the bottom 1 t remains there, i.e., neither 

erosion nor bed load movement of material is allowed. This is the 

primary theoretical limitation of the models that restricts their use­
fulness to the study of the short-term fate of discharged material. 

Model Input Requirements 

10. tn~ut data required for the operation of the model can be grouped into .~ ... -
(a) a description of -the ambient environment at the disposal site, (b) 

characterization of the dredged material, ( c) data describing the 

disposal operation,. and (d) mode1 coefficients. Each is discussed in 

the fo11 owing paragraphs .. 

11. nie."first task. to-be-accomplished.when aoplying.the models is that of 

constructing a horizontal 1 ong-term grid over the. disposal site. The 
number of grid points should be kept as sma11 as possible but 1 arge 

enough ta extend the grid beyond the area of interest at the level of 
spatial detail desired. Quite,often, it may be desirable to change 

the horizontal grid after a few preliminary runs. Water dei:iths a tc-

ru~ uei1pnta1 co~ponents of the ambient current must be input at each 

net point. Either of the three options of velocity input illustrated 
in Figure 4 may be selected, with the simplest case being velocities 
at a constant depth disposal site. The ambient density profile at the 
deepest point in the disposal site must also be input. This profile 

may vary with time but is assumed to be the same at each net point of 
the grid. 

12. The dredged material can be canposed of up to 12 solid fractions, a 
fluid component, and a conservative chemical constituent, if desired. 
For each solid type, its concentration by volume, density, fall 

velocity, voids ratio and an i ndi ca tor as to whether Or" not it is 
cohesive must be input. Proper material characterization is extremely 
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important in obtaining realistic predictions from the models. For 

example, field observations have shown that the majority of the solids 

settle to the bottom of the hoppers in the case of a hopper dredge 
disposal with the resulting density of the upper portion of the hopper 

being almost that of the ambient water. lf a conservative chemical 

.constituent is to be traced, its initial concentration and a 
background ~oncentration must be given. In addition, the bulk density 

and aggregate voids ratio of the dredged material must be prescribed. 

13. For the bottom dump model, the position of the disposing vessel on the 

~orizontal grid, the radius of the initial hemispher{cal cloud, the 
depth bel~- the water surface at which_ the material is released, and 

the initial velocity of the cloud are required. Nonnally, the initial 

cloud radius is computed from the known volume of material. However, 

in some cases, it may be desirable to set the radiu·s from geometrical 
considerations, e.g., the vessel width. rf this is the case, the bulk 

density must be adjusted to·r-ef1ect· the' initial di:1ution making sure 
the r-esulting cloud contains the exact amount of solid materia1 con­

tained within the vessel. For the conti.nuous discharge• model, the 

initial position of the discharge, the vessel's ·course and speed if 

moving, the orientation and depth below the water surface · of the 

discharge, the radius and flow rate of the initial disch·arge and the 

total discharge time must be input. 

14 •. The models contain-suggested average values for the many coefficients 

involved but tne user may input other values, ff desired. A brief 

sensitivity analysis of the more important coefficien~s in the instan­

taneous dump model is di.scussed later. 

Model Output 

15. As previously noted, the discharged material is ·traced through three 

phases: convective descent, during which the dump cloud or discharge 
' jet falls under the influence of· gravity; dynamic collapse, occurring 

when the descending cloud either impacts the bottom or arrives at the 
level of neutral buoyancy at which descent is retarded and horizontal 
spreading dominates; and l_ong-tenn passive dispersion, commencing when 



the material transport and spreading 1 s detenni ned more by ambient 

currents and turbulence than the dynamics of the disposal opera ti on. 

Output from the models in both tabular and plotted fonn describing the 

movement of the material through each of these phases is provided. 

16. The time history position in the water column. velocity, and size of 

the cloud or jet plume is provided at the end of both the convective 

·descent and co 11 apse phases. 1 n addition, the vo 1 ume of so 11 ds and 

their corresponding concentrations as we 11 · as the density di fference 

between the discharged material and the ambient are provided. As a 
guide in detennining dilution. rates, the time history of the censer-. 

~ative chemical constituent concentrations is also furnished. 

PART II!: INPUT DATA FOR MODEL APPLICATIONS AT THE 
SAN DIEGO DISPOSAL SITES 

The-Disposal Operations 

17. A major problem when attempting to apply the numericai disposal ~odels 

to actual disposal operations is that of represe!'lti n~ the "real ·.;or1 d" 

operation by the idealized conditions assumed in the models. Disposal 

operations can be approximated in one of three ways within the current 

structure of the 1 nstantaneous dump model. l='irst, the model can be 

applied to a single bin of a disposal vessel with the model output 

multiplied by the number of bins, i.e., the assumption is made that 

the _!eparate dumps do not i nf1 uence each other. The second method is 

to model the complete load as a single instantaneous dump.~As a third 

way of modeling a disposal operation, material from one bin is 

modeled as a single instantaneous dump with material from the 

remaining bins 11 feeding 11 the bottom collapse of the cloud. This is 

accomplished by all.owing the collapsing cloud to entrain material 

possessing the bulk density of the cloud from a single bin at the 
i 

moment of bottom encounter.· This is a modification which was made in 

order to handle the di sposa l from ~ stationary hopper dredge in Lake 

Ontario and is discussed in more detail in reference 4. 
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18. The disposal operation at both the 45 and 100 fathom sites is 

accomplished from a vessel with a total capacity of 1,500 yd3. There 

are six separate bins of 250 yd3 each. The disposa1 vessel is essen­

tially stationary during the disposal operation with disposal alter­

nating between forward and rear bins. Each bin contains a pair of 

bottom doors that are each 20 ft long and 5 ft wide. With such a bot­

tom opening for the 250 yd3 of ·material to pass through, the assump­

tion of an instantaneous duml) from each· bin is probably a good 

assumption. In addition, since the entire load appears to be a 

sequence of six individual dumps as opposed to a more continuous 

operation in which the latter bins 11 feed" the bottom surge, it seems 

reasonable to assume that superposition holds. Thus, the dispasal 

operation is modeled by considering the disposal of a single bin and 

assuming that the computed results can be multiplied by the number of 

bins to yield approximate results for the complete operation. In 

·addition, si nee the LA District has indicated that· a newer type of 

disposal vesse1 called a "solit. hull" barge might be· used for·future•· 

disposal operations, the complete load has also been modeled as ·a 

single instantaneous dump. 

Disposal Site Infonnation 

19. The .instantaneous dump model has been applied at both the 45 and the 

100 fathom sites for both a smmer and a -,nnter ambient dens·ity pro­

file { see Figures· 5 and 6). The ambient current is represented by 

simple orthogonal· velodty ·profiles for a constant depth (See Figure 

4.a). The coordinate system has been oriented such that the X­

coordinate lies along the direction of the current. i.e., 300° magnet• 

i c direction, therefore. the Z-vel oci ty component h set to zero. 

These data, along with other input data, are presented in Tables land 

2 for.the 45 and 100 fathom sites, respectively. 

San Diego Harbor Material 

20. Dredged material from North San Diego Bay is disposed at the 45 fathom 

site; whereas, the more polluted material from South San Diego Bay is 



disposed at the 100 fathom site. Material dumped at the 45 fathom 

site is pr1mar11y sandy material. From fnfonnation provided by the LA 

District, it was detenn1ned that the material to be disposed possesses 

a bulk density of 1.88 gm/cc and is composed of 46 percent sand and 12 
percent silt by volume. Material from the South Bay wa~ determined to 
have a bulk density of 1.30 gm/cc and is composed of 3 percent sand 

and 15 percent silt.· 

Model Coefficients 

21. Only a limited cal ibra-tion of the dredged material di sposa1 -inodel s 
based upon a comparison of computed results and field data has been 

conducted ( reference· 4-). Si nee· th! ambient conditions in that s-:udy 

are quite different from those at the present di sposa 1 sites~ it is 

not believed the values for the coefficients as·· determined in 

reference 4 are applicable here. 

22. To. provide· some insight into the sensitivity of model results ta 

various· coefficients, a series of !'"tins were made for an instantaneous 

dump of one bin of ma teri a 1 at the· 4 5 fathom site. ! t shou 1 d be 

realized that the characteristics of the material being dumped as we11 

as the depth of ~he disposal site have a great 1 nfl uence upon such 

sensitivity analyses. 

23. The entrainment, drag and apparent mass coefficients in the convective 

descen~ phase, as well as the entrainment, drag and friction coef­
ficients in the collapse phase, have_been varied. In a series of tank 

tests, J8F ScientificS found that the three convective descent coef­
ficients above are dependent upon the multiple of the liquid limit 

( K.L) of the materi a 1 being dumped where the K.L increases as the 

cloud of material falls-through the water column. In those tests, the 

entrainment coefficient <1o, was found to rapidly increase to a value 

of 0.285, corresponding to a M..L of 3. A much more gradual increase 
up to a value of 0.310 at a MLL of 10 was then observed. As indicated 

in Table 3, the model default value is 0.235. The convective descent 
drag coefficient was found from the tank. tests to decrease from a 

value of about 1.0 at a M..L of 1 to a value of 0.25 as the M..L 
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• increased to 3. Simfl arly, the apparent mass coefficient decreased 

from a value of 1.7 at a t-1..L of 1 to a value of about 0.40 as the K..L 
increased to 3. The default va 1 ues of the convective descent drag 
coefficient, CD, and the apparent mass coefficient, CM, are 0.5 and 
1.0, respectiv.ely (see Table 3). 

24. As can be seen from Table 4, the computed results are fairly sensitive 

to a 0 • The default value of 0.235 is probably okay at ~he moment of 
dump but shou1 d be increased as the cloud moves downward through the 

water col utTln entraining ambient f1 ui d with a corresponding increase of 
the K.L. Increasing. a 0 above its default value results in the 

collapsing cloud rising from the bottom. Physically, it does not seem 
that such.a phenomena should be allowed. Of course, one could adjust 
other .coefficients to force the cloud to remain on the bottom with the 
higher values of a0 • • ~ 

• 25 •. Decreasing the drag··coef_ficient (CD) to 0.30-resulted 'fn an execution 
-' 

mode error; whereas. increasing its va1ue to 1.0 r~sulted in an ini-

tial rising of' the cloud and· a corresponding tennination of the ·com-­

putations. Thus, it can be seen that for particular disposal 
operations the model does not operate over unlimited ranges of 
individual coefficients. 

26. Several runs were made in which the entrainmnt (acL drag (_CDRAG) and 
friction (FRlCTN} coefficients in the collapse phase were varied. 

Results from these run~ are also presented ·;n Table 4. 

27. In st111mary I model results are of course dependent upon the values 
assumed for the coefficients. However. as demonstrated by the results 
presented in Table 4, model computations are not overly sensitive to 
any of the coefficients, i.e., relatively small changes in individual 
coefficients do not produce an order of magnitude change in the com­

puted results. In addition, since there 1s no-real justification for 

selecting values other than the default values, the default values 
presented in Table 3 were used for the modeling of the disposal opera­
tions discussed here;n. 

•~1" ·- --



PART IV: .Mloa RESULTS 

28. As previously noted, the instantaneous dump model ~as been applied at 

each disposal site for both a single ·bin as well as a complete instan• 

taneous dump for both a summer and a wf n ter amb i en.t dens i ty prof i 1 e. 
As can be seen from Table 5, approximately 30 sec is required for a 
small dump_ to reach the ocea~ bottom at the 45 fathom site and about 4 

minutes at the 100 fathom site. The corresponding times for the large 

dump are 16 sec and almost 2 minutes, respectively for the 45 and 100 
fathom sites. As can be seen, the ambient density profile has little 

influence o~ the movement of the cloud through _the water column. The 

major i nf1 uence of the ambient density shows up through its i nf1 uence 

on the vertical diffusion of the top of the concentration profile in 

·the -1 ong- term di ffus ion phase. A very sma 11 density grad{ ent ·~i 11 

prohibit v~rtical diffusion; whereas, if tne density gradient is ze~o. 
the pos; ti on of the c 1 oud top moves upward by an amount given by 

2 v'2l<yet,. where Ky is the vertical diffusion coefficient and ;'.;.t is 

the long-term time step. 

29. At both the 45 and 100 fathom sites, essenti~lly all of the sand is 

deposited within 1,000 ft downstream of the dump. This is true for 

both small and 1arge dumps unde-r 'both summer and winter conditions 

( see Tab 1 e 6) • 

30. From an inspection of Table 7, it can be seen that at the 45 fathom 

site 85 perc~nt of the si1 t from a small dump wi 11 be deposited within · 

about 2,200 ft downstream of the dump site for both a summer and a 

winter dump. Approximately the same results are obtained for a large 

dump under winter conditions. However, only about 65 percent is 

depo s i ted wi th i n the same di s ta nee for a 1 a rge summer dump. I t 

appears this is because the top of the cloud has moved above the 

ambient stratification over the bottom 30 ft into the constant density 

regime (see Figure 5). The model now allows for a vertical growth 

which results in .a larger distance for the silt particles to fall 

before deposition and thus 1ess deposition within a given time frame. 
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31. At the 100 fathom•site, all of the silt is deposited within a rela­

tively short di stance for both small and large dumps with the sunnner 

profile. This is •because the stratification over the bottom 60 ft 

prohibits vertical growth and rapid deposition of the silt occurs. 

However, under the winter profile presented in•Figure 6, vertical dif• 

·fusion is allowed which results in only about 54 percent of the silt 

from a small dump being deposited within 1,600 ft downstream of the 

dumping point within 5,000 sec after the dump and about 85 percent 

from a large dump within the same spatial distance and time frame. 

32. As indicated in Table 8, suspended si1t concentratir;,ns are in the 

neighborhood of 10-S to 10-6 gm/cc after 5,000 sec. It should be 

remembered that with superposition assumed, the concentrations pre­

sented for a small ~ump should be multiplied by six to reflect 

approximate resu~ts of the complete disposal operatio_n. The suspended 
silt concentrations extend from the ocean f'I oor upward as high as 

150-liO ft, deoending uoon the ambient. stratification near the bot1:om. 
After 5,000 sec, the leading edge-·of the susoended silt c1oud at the. 

45 fathom _s_ite is about 3,600 ft from the dump point., eitcept for the 

large summer dump where the distance is 5,400 ft. In this case, the 
cloud top has moved 150 ft into the water column which results fn the 

centroid of the cloud being advected by a larger ambient velocity with 
a corresponding greater movement. of the c:1 cud in the direction of the 

current. 0ue to a much smaller ambient current at the 100 fathom 
site, the maximum extent of the leading edge of the cloud is only 

about 2,100 ft, after 5,000 sec. 

33. As a final note, it should be remembered that particle fall velocities 
were used for both the sand and silt fractions. If the material had 

been assumed to contain clumps of cohesive material with much larger 

fall vel oc1 ties, a corresponding larger percent of the solids wou1 d 

have been deposited with;n the time frame tested. 

PART V: LIMITATIONS OF MODEL RESULTS 

34. Two different disposal operations have been modeled. The first in 

essence consists of six individual dumps and is modeled by neglecting 
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the interaction of the separate dumps and assuming superposition 

applies. The other is a disposal from a "spl 1 t hu11" barge and is 

modeled by asst.aning the complete load is discharged essentially 
instantaneously. It should again be emphasized that a major problem 

in the use of the dredged material models is the representation of the 

actual disposal operation by the idealized conditions assumed in the 
models. Proper characterization of the material and specification of 
ambient conditions are al so extremely important. For example, if a 
significant portion of the material had been composed of 11 clumps" with 
a fall velocity of perhaps 1.0 to 2.0 fps, the results would have been 
quite different as far as the percent of mater-i al deposited within a 

small distance from the dump. In addition, the ambient density 
gradient near the bottom is ~ery important in determining the vertical 
diffusion of suspended sediment. A zero gradient allows for a rapid 
diffusion upward which in turn increas~s the probabi1ity of the 

suspended material being swept from the disposal site· if the ambient 

current is significant. !.t is impor-tant to stress· tt'lat :1uani:itati•1e 
. . 

reliance. should not be· pl aced in model predictions due :a. •Jncertai n-
. ties associated with the sceci fication of appropriate :nodel coef­
ficients, the ambient density profile, the characterization of the 

dredged material and the approximate method employed for representing 
-

the disposal operation. However, it is believed that model predic-
tions do provide a qualitative.picture of reality and should be useful 
in helping to assess the environmental impact of a disposal operation. 
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TABLE l. INPUT DATA FOR 45 FATHOM SITE (LA4) 

Number of grid points in Z-direction = 30 

Number of grid points in X-direction = 30 

Grid spacing= SO ft and 300 ft (2 runs) 

Water depth= 270 ft 

Depth of discharge= 20 ft 

Bulk density= 1.88 gm/cc 

Long tenn time step= 1000 sec 

Dump size= 250 yd3 and 1500 yd3 (2 runs} 

Characterization of Mate~ial 

Description 

Sand. 
Silt 

Depth 
ft 

a.a 
60.0 

120.0 
180.0 
240.0 
270.0 

Density 
9111/cc 

2.6 
2.6 

Concentration 
ft!,'ft3 '--=----

0.46 
0.12 

Ambient Conditions 

Density X-Vel oci.ty 
gm/CC ft/sec 

Sunmer Winter 

l.025 l.025 l.8 
1.025 1.025 
1.026 1.025 l.8 
l.026 1.025 
l.026 1.026 l .O 
1.027 1.026 a.a 

Fal 1 Velocity 
ft/sec 

,., 

0~07 
0.01 

Z-Vel oci ty 
ft/sec 

0.0 

o.o 
0.0 
0.0 
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TABLE 2. INPUT DATA FOR 100 FATHOM SITE (LA 5) 

Number of grid points in !-direction= 30 

Number of grid points in X-direction = 30 

Grid spacing= 50 ft and 300 ft (2 runs) 

Water depth= 600 ft 

Depth of discharge= 20 ft 

Bulk density= 1.30 gm/cc 

Long tenn time step= 1000 sec 

Dump sjze = 250 yd3 and 1500 yd3 (2 runs) 

Charac~erization of Material 

Oescri pti on 

Sand 
Silt 

Depth 
ft 

a.a 
60 .. 0 

120.0 
180.0 
240.0 
300.0 
540.0 
600.0 

Oensi ty. 
gmicc 

2.5 ,, ~ 

.... o 

Concentration 
ft!fft~ ----

0.03 
o.:s 

Ambient Conditions 

Oensi ty X-Vel oci ty 
gm/cc ft/sec 

Sunmer Winter 

1.025 1.025 0.49 
1.025 1.025 
1.026 l.025 
l.026 l.025 

0.49 
1.026 

1.026 0.18 
1.027 1.026 o.o 

Fa11 Velocity 
ft/sec 

O.Oi 
O.Ql .. 

Z-Vel oci ty 
ft/sec 

a.a 

a.a 
o.o 
a.a 
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TABLE 3. DEFAULT VALUES OF INSTANTANEOUS DUMP MODEL COEFFICIENTS 

Coefficient Default Value 

ao 0.235 

s o.o 
Cm 1.0 

CD a.so 

'Y 0.25 

CDRAG 1.0 

CRF!C 0.01 

C03 0.10 

CD4 1.0 

ac 0.001 

F'RICTN 0.01 

FL. 0.10 

''H 0.005 

;.v 0.005 



.\ 

TABLE 4. S[NSI Tl VI TY ANALYSIS 

Coefficients Varied Computed Results 

••o CH Co UC CoRAG FRI CTN I tco Rco vco tcotl Acou hcou svcou • 

0.235 
0.30 
0.40 
0.50 

• 

1.0 0.50 

0.80 

0.30 
.1.0 

1.1 1.0 

0.001 

0.0025 
0.005 
0.010 
0.020 
0.040 

0.040 
0.040 
0.040 

l .0 

6.0 

5.0 
5.0 
5.0 
5.0 

0.010 

0.10 
0.10 
0.10 
0.075 
0.005 

26.0 
ll.l · 
39.5 
48.0 

35.2 
26.0 
• .. 
" 
" .. .. 
.. 
.. 
• .. 

,60.J 
12.2 
88.9 

105.0 

60.8 
60.1 
" .. 

.. 

.. 

.. 

4.86 
3.79 
2.10 
2. 15 

3.58 
4.86 
• 
" 
II .. 
II 

.. .. 
• .. 
• 

340 
410 
512 
689 

hecutlo11 Error 
Rises 1 n1tlally 
Rises I nit tally 

358 
381 
443 
585 
169 

lllo\ 
610 
l4l 
671 

1151 
1151 
1063 

o 0 ; Convective descent entrainment coeff ten - ltP1e to bottom encounter, sec 

CM - Apparent mass coeff Rco - Radius of cloud at bottom, ft 

Co - Convective descent drag coeff Vcu - Veloctty of cloud at bottom, fps 

11c - Collapse entrainment coeff trnn - f lme to end of col lapse, sec 

1.26 
l.52 
l.98 
2.49 

1.29 
1.36 
1.52 
l.82 
2.36 
3.36 
2.48 
1.32 
2.78 
4.07 
4.12 
3.20 

CoRAG - Co 1 hpse drag coeff. Arnu - Hu thtcllness at end of col lapse, ft 

FRICTN - Bottom friction coeff t1rn11 - Cloud dh111ete,· at e11d of collapse, ft 

916 
1082 
1296 
1479 

908 
994 

1120 
1369 
1813 
2615 
618 
891 
580 

U2e 
1088 
337l 

50 
34 
52 
65 

50 
39 
29 
15 
12 
1 

60 
54 
86 
21 
22 
1 

svrnu - Volmne of soltds tu cloud at end of collapse. ftl 

** - Default values of coefftcleots 
u 11 

- Colla11slog cloud has risen off bottom 
** u - Co I h11se phase has not. ter111I nated and c\01111 Is off botlo111 

~ •~) 

•• 
••• ••• 
••• 

••• 
••• 

•••• 
•••• 
••• 

<•· •._.19./ 
..•... •··•········· .. ···--·------------------
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TABLE 5. BOTTOM ENCOUNTER INFORMATION 

.. 
Time Radius Velocity 
(see) (ft) (ft/sec) 

29.87 .67 .57 .4.71 

29.87 67.61 4.64 

16.12 78.68 10.00 

16.00 78.45 l0.02 

230.00 139 .29' 1.26 

258.40 138.89 1.06 

107.33 150.43 2.93 

108.87 149.80 2.83 

Dump 
Site Type · Season 

45 (LA 4) Small Summer 

II II Winter 

II Large Summer 

n u Winter 

100 (LA S) Small Summer 

II II Winter 

n Large Summer 

n .. Winter 



OEPOSI TI ON OF SANO* 
·-~ 

TABLE 6. •• \..-~ 

Time Radius Centroid I of Dump 
(sec) {ft) { ft) - · Total Site Type Season 

1000 465 165 100 45 (LA 4) Small Summer 

1000 465 160 100 n II Winter 

1000 650 123 100 n Large Summer 

1000 650 131 100 II II Winter 

1000 550 113 100 100 (LA 5) Sma11 Surmner 

1010 450 - 180 80 II II Winter 

2020 170 260 98 
,, II ',ii nter 

1000 775 85 100 II Large Summer 

1000 775 80 98 
,, II '..Ii nter 

* Sae -Fi gur~ 7. t. 



TABLE 7. DEPOSITION OF SILT* 

Time Radius Centroid i of Dump 
(sec) ( ft) (ftl Total Site Type Season 

1000 495 150 24 45 (LA_ 4} Small Summer. 
2000 865 450 · 53 n " " 
3000 1015 600 68 n II II 

4000 1150 725 78 n II It 

5000 1350 825 84 n II II 

1000 520 150 24 45 (LA 4) Small Winter 
2000 865 440 55 II n . II 

3000 1015 . 580 68 a II u 

4000 1200 710 78 a II II 

5000 1380 -- 820 85 • u II 

1000 845 70 38 45 (LA 4) Large Summer 
2000 1220 210 53 a II II 

3000 1445 315 59 n II II 

4000 1665 420 62 II II II 

5000 1870 520 65 II II II 

t,; 1000- 845 140 26 45 (LA 4) Large Winter 
2000 1135 370 53 II, II 11. 

3000 1375 530 67 II II .. 
4000 1585" "7C O, .. 7T II II II 

5000 1725 BOO 84 II II II 

1000. 585 175 60 100 (LA 5) Small Summer 
2000 865 175 100 a II II 

1010 500 190 6 100 {LA 5) Small Winter 
2020 865 295 35 11 II II 

3030 985 320 45 n II II 

4040 1110 350 50 II II II 

5050 1210 365 54 II II II 

1000 1095 115 91 100 (LA 5) Large Summer 
2000 1395 115 100 a II u 

1000 1095 145 65 100 (LA 5) Large- Winter 
2000 1395 150 79 n II u 

3000. 1405 155 82 • u n 

4000 1405 160 84 • fl II 

5000 1405 160 85 • II II 

__ ;. * See Figure 7. 
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TABLE 8. SUSPENDED SILT INFORMATION• :. ' , ··., ! 

CMAX DMAX TMAX,tnlr CMIN DMIN TM! N,r,1r i 
Time Dump i 
(sec} (gm/cc) (ft) ( ft) (gm/cc) ( ft} ( ft}· Site Type Season ' - -
2000 4.7Xl0-5 600 32 0.13Xl0-5 1500 32 45 (LA 4) Small Summer 
3000 2.6x10-s 1200· 33 o.oex10-6 2400 33 n II II 

4QOQ· 1.sx10-s 1800 34 o.1ox10-6 3000 34 a II II 

5000 9.&xio-6 2400, 32 O.l3Xl0-6 3600 32 II II II 

2000 4.2x10-s 600 33 o.1ox10-s 1500 33 45 (LA 4) Small Winter 
3000 2.&:no-.s 1200 32 o.1ox10--s 2100 32 n II II 

. 4000 1.sx10-s 1800 31 o.1ox10--6 3000 31 11 II II 

5000 1.ax10-6 .2400 34 o.oax10-6 3600 34 .. II II 

2000 6 .. 8Xl0-5 1200 31 o.oax10-s 1800 31 45 (LA 4) Large Summer 
3000, 2.9Xlo-5 1500 131 o.oax10-s 2700 33 

,. II II 

4000 2.2x10-s 2400 152 o.oJino-6 4200 33 II " .. 
5000 1.ax10-6 3600 151 o.osx10-6 5400 33 II It 11 

2000 14.3Xl0-5 600 31 o.osx10-s 1800 34 45 (LA 4) Large 'Ai nter 
3000 9.lXlQ·S 1200 33 o.1ox10-s 2400 33 II II 11 

4000 6 .. ax10-s 1800 32 a. 10x10-s 3000 32 II 11, II 

5000 3.9x10-s 2100 32 o.asx1a-s 3600 31 II II n 

725 18 .. lXl0-5 225 8.2 100 (LA 5) Small •• Summer t 
2000 a.a ,, ,, II 

2020 3.4XlQ-5 300 64 - 0.03XlQ-5 1200 58 100 (LA 5) Sma11 'iili n1:e'!"" 
3030 1.nuo-s 300 94 o.1ax10-6 1500 102 II II " 
4040 9.9x10-6 600 129 o.1ox10-6 1800 137 II . II II 

5050 s.1x10-6 900 167 o.oax10-6 2100 · 172 II II " 

891 1s.s~no-s 160 3.44 - 100 (LA 5) Large Summer 
2000 . a.a It II II 

2000 l.9Xl0-5 o.o 63 o.1ox10-6 1500 52 100 (LA 5) Large Winter 
3000 10.4XlQ-6 300 93 0.03Xl0·6 1800 87 II II II 

4000 6.SXlQ-6 300 126 0.03XlQ-6 2100 133 II II " 
5000 4.rno-6 600 162 0.16XlQ-6 2100 167 II II 11 

* See Figure a. 
** TMAX and TMIN are the thickness of the maximum and minimum concentrations, 

respectively. · 
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FIGURE 1 DISPOSAL SITES MODELLED 
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